A mobile phase system comprising of ethyl acetate and propionic acid in 1:1 (v/v) ratio was identified as the most suitable green mobile phase for selective separation of maltose from fructose, dextrose, galactose, or mannose on precoated silica gel 60 HPTLC plates. The effect of presence of inorganic cations as impurities in the sample was examined for the separation of sugars. The chromatographic parameters like ΔR F , separation factor (α), and resolution (Rs) of separated components of the mixture of maltose-fructose, maltose-dextrose, maltose-galactose, and maltose-mannose were calculated. The limits of detection for fructose, dextrose, and mannose were 7.5 ± 0.41 µg spot -1 and for maltose and galactose were 1.5 ± 0.09 µg spot -1 . The proposed method is rapid, sensitive, and free from the use of toxic organic solvents and is therefore environmentally safe. Maltose has been selectively identified in the presence of fructose, dextrose, galactose, and mannose using scanning densitometry.
Introduction
Sugars are the main energy source for the human body. Chemically, sugars are one of the most abundant biomolecules in which carbon, hydrogen, and oxygen bond together in the ratio: C x (H 2 O) y , where x and y are whole numbers. Mono-, di-, tri-, oligo-, and polysaccharides, ketose, tri-, tetra-, pento-, and hexose as well as reducing and nonreducing sugars have great importance in life sciences. Several diseases are accompanied by the increased elimination of sugars of various groups in the urine and feces. Analysis of sugars occurs frequently in food, beverages, biological, and pharmaceutical samples with the aid of thin-layer chromatography (TLC)/high-performance thinlayer chromatography (HPTLC) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . HPTLC is a better option in place of conventional TLC for chromatographic analysis. This is because samples in nano range can be analysed in this case and solvent consumption is less.
TLC/HPTLC analysis of sugars has been generally carried out with the use of mixture of organic solvents/mixed aqueousorganic solvents consisting of acetonitrile, benzene, chloroform, pyridine etc. as one of the components which are toxic for environment [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] . Therefore, the efforts are now being used to solvents which have offered very low toxicity to environment. As a result, green chemistry came into existence. According to the principles of green chemistry, safer solvents should be used for chemical analysis. The present study was undertaken with the aim of searching green solvent system for the chromatographic analysis of sugars. A system comprising of ethyl acetate and propionic acid has been identified as the most suitable green mobile phase for separation of important sugars by silica HPTLC.
Ethyl acetate is a byproduct of the fermentation of grapes in the wine-making process. Some food prevention and control regulation agencies include ethyl acetate as safe for use as a synthetic flavoring substance and adjuvant. It is widely used as a secondary food additive and lubricating agent. Median lethal dose of ethyl acetate for rats is 11.3g kg -1 [13] . Due to its nontoxic/noncarcinogenic nature, ethyl acetate is safely used in cosmetic products (such as nail paints, nail polish remover, etc.) and considered as green solvent for use. Propionic acid is a naturally occurring carboxylic acid. Due to having low toxicity, propionic acid is mostly used as a preservative for both animal and human food consumption. As a food additive, it is approved for use in the EU [14] , USA [15] , Australia, and New Zealand [16] . Therefore, we have used these solvents for the analysis of sugars to keep the environment free from hazards.
Experimental
All experiments were performed at 30 ± 1°C.
Apparatus
Chromatography was performed in 24.0 cm × 6.0 cm glass jars. Micropipette (Tripette, Germany) was used for spotting of analytes. A glass sprayer (Borosil, India) was used to spray reagent on the plates to locate the position of the spot of analytes.
Chemicals and Reagents
Sugars (fructose, dextrose, maltose, galactose, and mannose), propionic acid, sulfuric acid, acetone, nickel nitrate, chromium nitrate, copper chloride, zinc sulfate, and mercuric acetate were from CDH (India), whereas ethyl acetate, ethanol, and orcinol were procured from Merck (India). All chemicals were of analytical grade.
Test Solution
Aqueous solutions (1.0% w/v) of sugars were prepared in double distilled water (DDW). The aqueous solutions (1.0% w/v) of nickel nitrate, copper chloride, chromium nitrate, zinc sulfate, or mercuric acetate in DDW were used for interference studies of cations.
Detecting Reagent
Detection of sugars was done by orcinol solution prepared by mixing 250 mg orcinol, 7.5 mL conc., sulfuric acid, 200 mL ethanol, and 50 mL DDW. The brown-purple spots for all sugars under study appeared after spraying this solution on HPTLC plates followed by heating at 110°C for 5-10 min in an electrically controlled oven.
Stationary Phase
Precoated silica gel 60 HPTLC glass plates (Merck, Germany) were used as stationary phase for the entire study.
Mobile Phases
The following mobile phases were used.
Code
Mobile phase composition M 1 Ethyl acetate M 2 Propionic acid M 3 Ethyl acetate-propionic acid (3:7) M 4 Ethyl acetate-propionic acid (5:5) M 5 Ethyl acetate-propionic acid (7:3)
Procedure
Silica gel 60 HPTLC plates were activated at 60 ± 1°C in an electrically controlled oven for 30 min and stored in closed chamber until used. Spotting of 0.10 µL of analyte using micropipette was done at 1.0 cm from the lower edge of HPTLC plates. Spots were air dried and developed in a closed presaturated glass chamber with desired mobile phases by ascending technique up to 8.0 cm from the point of application. After development, the HPTLC plates were withdrawn from glass chamber and air dried, and analytes were detected by spraying ethanolic orcinol solution by means of glass sprayer and heating at 110°C for 5-10 min.
The R F values were calculated as:
where R L = R F of leading front; R T = R F of trailing front.
Separation
For achieving selective separation of maltose from other sugars, equal volume of all sugars was mixed and 0.10 µL of the resultant mixture was applied on the activated silica gel 60 HPTLC plates. The plates were developed with selected mobile phase M 4 , the spots were detected, and the R F values of the separated sugars were calculated.
Densitometry
Scanning densitometry for identification of maltose in fivecomponent mixture of sugars consisting of fructose, dextrose, galactose, and mannose as other sugars has been carried out by spotting 0.10 µL of analytes mixture on silica HPTLC glass plates (10.0 cm × 10.0 cm). The plates were developed with chosen mobile phase (M 4 ). To locate the exact position of analyte spots, trial plates for individual samples were also run simultaneously. After chromatographic development, the spots were detected and the plates were subjected to densitometry scanning.
Interference
For investigating the effect of presence of metal cations (Ni 2+ , Cu 2+ , Cr 3+ , Zn 2+ , or Hg 2+ ) as impurities on the resolution of sugars from their mixture, 0.10 µL of the standard test mixture of sugar was spotted on the plate followed by the spotting of 0.10 µL of metal cations being considered as impurities. The plates were developed with desired mobile phase (M 4 ), spots were detected with orcinol, and R F values of the resolved sugars were calculated.
Limit of Detection
The limits of detection of all five sugars were determined by spotting 0.10 µL of the concerned sugar solutions onto the HPTLC plates, which were developed with M 4 , ethyl acetatepropionic acid (5:5, v/v), and the spots were visualized using detector. This was repeated with successive reduction of the concentration of sugar solution until no detection was possible.
The procedure was repeated three times for each sugar. The amount of sugar just detectable in the M 4 was taken as limit of detection of that particular sugar. The results of the present study have been summarized in Figures 1-3 and Table 1 . The results presented in Figure 1 reveal that the mobility of all five sugars on silica gel 60 HPTLC layer was influenced by the nature and composition of mobile phase systems used. In ethyl acetate (M 1 ), all five sugars remain close to the point of application. In the case of propionic acid (M 2 ), all sugars show medium R F values (~0.36-0.51). So, based on the above examination, it is clear that separation of sugars from their mixture was not possible by any one component mobile phases tested. Hence, mixtures of these solvents (ethyl acetate and propionic acid in 3:7, 5:5, and 7:3 ratios (M 3 -M 5 ) have to be used to obtain differential mobility pattern of sugars which will result in their separation from two component mixtures. With M 3 and M 4 , among all sugars, only maltose shows Table 1 Effect of inorganic cations as impurities on ΔR F , separation factor (α), and resolution (Rs) values of resolved sugars. Each value is an average of four measurements Figure 1) . Thus, maltose can be separated from other sugars. Selective separation of maltose from other sugars that are fructose, dextrose, galactose and mannose was achieved ( Figure 2) .
Resolved sugars
The densitogram of the resolved maltose from other sugars is presented in Figure 3 .
The effect of inorganic cations such as (Ni 2+ , Cu 2+ , Cr 3+ , Zn 2+ , and Hg 2+ ) on chromatographic parameters (ΔR F , α, and Rs) has been calculated for the selective separation of maltose from fructose, dextrose, galactose, or mannose ( Table 1) . From the results presented in Table 1 , it is clear that the presence of metal cations has slight influence on the magnitude of the chromatographic parameters of sugars in most cases. The separation is always possible in all cases. The marginal increase or decrease in values of these parameters was due to the increase in spot size of the sugar as a result of various interactions with these cations.
The lowest possible detectable amounts of different analytes were 7.5 ± 0.41 µg spot -1 for fructose, dextrose, and mannose whereas 1.5 ± 0.09 µg spot -1 for maltose and galactose.
Conclusion
It can be concluded from the above presented study that chromatographic system comprising of commercially available precoated silica gel 60 HPTLC glass plates as stationary phase and mixture of ethyl acetate-propionic acid (1:1, v/v) as mobile phase has been identified more efficiently for specific separation of maltose from fructose, dextrose, galactose, and mannose. The lowest possible detectable amounts per spot for all sugars are indicative of high sensitivity of the proposed method.
